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(54) Method of making an optical fiber grating, and article made by the method 



(57) The method of making an optical fiber refractive 
index grating comprises writing the grating through the 
fiber coating. The method involves providing optical fib- 
er of significantly higher photosensitivity than conven- 
tional fiber, such that the grating can be written before 
unacceptable darkening of the coating occurs. Such fib- 
er is H 2 and/or D 2 -loaded silica-based fiber having a Ge- 



doped core, the fiber selected to have a germanium-ox- 
ygen deficiency center content that provides the fiber 
with a photosensitivity that is at least twice as large as 
that of an otherwise identical, conventionally prepared, 
optical fiber The fiber typically is drawn from a preform, 
at least a portion of which was exposed to a reducing 
atmosphere at an elevated temperature. 
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Description 

Field of the Invention 

This invention pertains to making optical fiber re- 5 
tractive index gratings and to articles or systems (col- 
lectively 'articles') that comprise such a grating. 

Background 

10 

Optical fiber refractive index gratings (henceforth- 
'gratings') are important constituents of many optical 
communication systems. They are usually fabricated by 
a process that comprises loading of the fiber with H2 or 
deuterium (D 2 ), and exposure of the optical fiber to ac- is 
tinic radiation, typically U V radiation. 

US patent 5,157,747, incorporated herein by refer- 
ence, discloses techniques for making germanosilicate 
fiber having a relatively high GeO/Ge0 2 ratio, and also 
discloses that such fiber can be advantageously used 20 
for making optical fiber gratings. 

US patent 5,235,659 discloses low temperature l-^ 
or D 2 -loading of germanosilicate optical fiber, and ex- 
posing the fiber to actinic radiation to produce a grating 
having relatively large refractive index variation. 25 

A grating in optical fibers is typically 'written' in bare 
fiber, i.e., in a section of the fiber from which the con- 
ventional polymer coating has been removed. This ne- 
cessitates re-coating of the fiber. Not only is this time 
consuming but coating removal and re-coating frequent- 30 
iy result in degradation of the fiber strength. Clearly, it 
would be highly desirable to be able to write refractive 
index gratings in coated fiber. Co-assigned US patent 
application Serial No. 08/5 1 5,625 discloses such writing 
through the coating. However, at least some fiber coat- 35 
ings darken under relatively modest UV exposure, pre- 
venting attainment of significant index change in the 
core of conventional fiber. The instant application dis- 
closes an improved method of making fiber gratings that 
involves writing of the grating through the polymer coat- *o 
ing thereof. 

Summary of the Invention 

The invention is defined by the claims. We have 
found that at least some coatings (typically polymer 
coatings, including glass resin coatings), which have 
otherwise desirable physical and optical characteristics, 
darken quite quickly (e.g., within about 1 minute) on ex- 
posure to conventionally used UV laser radiation of con- so 
ventionaily used intensity , and germanosilicate fiber, 
even with high levels of H 2 - or D 2 -loading (henceforth 
collectively •sensitizer-loading'). frequently do not re- 
spond quickly enough to the U V radiation to give usable 
gratings. We not only discovered this problem but also S5 
found a solution, i. e. t a method of making an optical fiber 
grating that can produce a significant change of refrac- 
tive index (e.g. , >10r*) in th cor of germanosilicate 
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fiber by UV exposure through th fiber coating in a time 
short enough to avoid unacceptable darkening of the 
coating. 

More specifically, the invention is embodied in a 
method of making an article comprising an optical fiber 
grating, the method comprising providing a sensitizer- 
loaded Si0 2 -based optical fiber having a Ge-doped 
core, and exposing the optical fiber to actinic radiation 
such that the grating is formed in the core. 

Significantly, the optical fiber is exposed to the ac- 
tinic radiation through the fiber coating, and the optical 
fiber is selected to have a sufficient concentration of ger- 
manium-oxygen deficiency centers to provide the fiber 
with a photosensitivity that is at least twice (preferably 
10 times or more) the photosensitivity of an otherwise 
identical, conventionally prepared, optical fiber, where 
•photosensitivity* is An/dose of actinic radiation, where 
An is the retractive index change that results from expo- 
sure of the fiber to a predetermined dose of the actinic 
radiation. 

The above referred to •germanium-oxygen defi- 
ciency center' , to be referred to as "GODC, is the defect 
species recognized to be responsible for the photore- 
fractivity of Ge-doped silica. This species has also been 
referred to as 'GeO' or - GE 2 *\ See, for instance, the 
747 patent and R. M. Atkins, Optics Letters. Vol. 17(7), 
p. 469(1992). 

By 'grating' we mean herein not only conventional 
Bragg gratings (chirped as well as unchirped, blazed as 
well as unblazed) but also long period gratings (possibly 
also chirped and/or blazed). The latter have grating pe- 
riod A > where X is the wavelength of the relevant 
radiation, e.g., 980 nm. 

Brief Description of the Drawings 

FIG. 1 shows exemplary data on peak grating re- 
flectivity vs. time of exposure to actinic radiation of 
conventionally prepared (low GODC concentration) 
prior art fiber and fiber according to the invention. 
Peak grating reflectivity is a measure of refractiv 
index change An, and the value of An can be d - 
termined from a measured value of peak grating re- 
flectivity of a given grating; 
FIGs. 2 and 3 show transmission vs. wavelength of 
an exemplary grating written in, respectively, coat- 
ed and uncoated, high GODC fiber; 
FIG. 4 schematically shows relevant features of a 
quasi-continuous method of making gratings ac- 
cording to the invention; 

FIG. 5 schematically depicts an exemplary articl 
(an optical fiber communication system) that com- 
prises a grating according to the invention; and 
FIG. 6 sen matically depicts a further exemplary ar- 
ticle according to the invention, namely, a temper- 
ature or strain monitoring system. 
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Detailed Description 

Our invention is predicated on the finding that sen- 
sitizer-loaded germanosilicate fiber, prepared to have 
an elevated GODC concentration in the core, can attain s 
a significant value of refractive index change (An) upon 
exposure to a relatively small dose of actinic (typically 
UV) radiation. 

Fiber according to the invention is significantly more 
(e.g., double or more) photosensitive than otherwise *o 
identical, conventionally prepared, comparison fiber. In 
consequence of the relatively high photosensitivity of , 
fiber according to the invention it is typically possible to 
write a grating of significant strength (e.g., >10% peak 
reflectivity) in the coated fiber before substantial dark- ^ 
ening of the coating occurs. The darkening of interest 
herein is a decrease of transmittivity at the wavelength 
of the actinic radiation, typically UV radiation, e.g., at 
242, 248 or 257 nm. 

By a •conventionally prepared" fiber we mean here- 20 
in a (sensitizer loaded) fiber that was drawn from a pre- 
form that was prepared by a method that did not com- 
prise a (typically elevated temperature) step during 
which germanosilicate preform material is contacted 
with an atmosphere selected to favor reduction of Ge 4 + 25 
to Ge 2 * in the preform material, i.e. an atmosphere that 
favors GODC formation. 

Optical fiber useful in the practice of the invention 
is sensitizer-loaded fiber drawn from a preform that was 
prepared by a method that comprises a step (typically 30 
a high temperature step) during which germano-silicate 
preform material is contacted with an atmosphere that 
favors reduction of Ge 4 * to Ge 2 *, and thereby to result 
in an elevated GODC level in the fiber core. For more 
detail, see the 747 patent. Exemplariiy the step involves 35 
collapse of the preform tube in such an atmosphere, as 
described in detail below, or it involves exposure of the 
preform rod at elevated temperature (e.g., 
1000-1 500°C) to H 2 (or D 2 ) for an extended period (e. 
g., 1-24 hours). 40 

The presence of an elevated GODC level in the core 
of a germanosilicate fiber can be readily determined in 
the manner described in the above cited Optics Letters 
article. Currently preferred is determination of the ab- 
sorbance at 240 nm, which is directly proportional to the 
concentration of GODCs in the core. A conventionally 
prepared comparison fiber will typically have attenua- 
tion at 240 nm of about 10dB/mm mol % Ge (e.g., fiber 
having 3 mol % Ge in the core exhibits 30 dB/mm atten- 
uation at 240 nm), and fiber according to the invention so 
will typically have at least twice as much attenuation at 
240 nm, preferably 10 times as much or even more. That 
is to say, the fiber according to the invention has at least 
20 dB/mm mol % Ge attenuation, preferably 100 dB/mm 
mol% Ge. 55 

Th presence of an elevated GODC level in the fiber 
core of s nsitizer-loaded fiber translat s directly into in- 
creased photosensitivity of the fib r. This is a surprising 



result not suggested by the prior art, possibly indicative 
of synergistic action between the two sensitizing modes. 
It should be noted that the maximum attained index 
change typically is substantially independent of the 
GODC level, depending in a given fiber typically sub- 
stantially only on the amount of sensitizer-loading and 
the Ge doping level, and that the maximum index 
change that can be produced solely by means of an el- 
evated GODC level typically is relatively small (com- 
pared to that attainable by H2- loading), typically < 10- 4 
The 747 patent discloses several techniques that can 
result in enhanced GODC level in the fiber core, and 
thus in fiber having an increased GODC level in the core, 
as compared to conventionally prepared fiber. 

An advantageous technique for enhancing the 
GODC level is preform collapse in a reducing atmos- 
phere, exemplariiy substantially 0 2 - free atmosphere (e. 
g., 100% He, or He with 5-10 volume % CI). The high 
temperature of the collapse (e.g.; 2300*C) promotes the 
formation of GODCs, accompanied by the liberation of 
oxygen, which typically diffuses away. The technique 
advantageously also comprises carrying out at least the 
initial portion of cooling of the collapsed preform in a re- 
ducing atmosphere, e.g., the same atmosphere as used 
during collapse. 

It should be noted that the collapse atmosphere 
need not be essentially 0 2 - free but may comprise some 
0 2 , provided the 0 2 content is sufficiently low (e.g., less 
than about 10% b.v). to provide reducing conditions. 

Optical fiber with relatively high photorefractivity 
was produced as follows: 

A preform tube was prepared in conventional 
manner, in substantially the same way as for Lucent 
Technologies Inc. standard 5D® single mode fiber, with 
9 fluoro-phospho-silicate cladding layers and a single 
germanosilicate core layer, doped to give A + = 0.43%. 
The tube was collapsed in an atmosphere of 91% He, 
5% CI, and 4% 0 2 , all by volume. Use of an 0 2 - free 
atmosphere would very likely have produced a still high- 
er concentration of GODCs. The standard core etch that 
is conventionally performed halfway through the col- 
lapse was not done, in order not to decrease the GODC 
level in the core. 

Fluorescence profiling of the collapsed preform in- 
dicated a GODC level approximately 10 times that of 
standard 5D fiber. This implies that the high GODC fiber 
has at 240 nm an attenuation of about 400 dB/mm, giv- 
ing about 3.2 dB trans-core attenuation (for S^im cor ). 
Standard 5D fiber thus will absorb about 7% of incident 
240 nm photons, and the high GODC fiber will absorb 
about 52% (all trans-core). The attenuation at 257 nm 
is about 1/3 of the attenuation at 240 nm. 

Single mode optical fiber was drawn in conventional 
manner from th high GODC preform. The fiber was 
substantially like standard 5D fib r, except for GODC 
density. Both high GODC fiber and normal 5D fiber were 
then subjected to the same sensitizer-loading treat- 
ment, namely, 4 days at 50° in 295 atmospheres of D2. 
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After removal of the polym r coating from a length 
of each of the 5D fiber and the high GODC fiber, Bragg 
gratings were written in the fibers under identical writing 
conditions (40 mW. 5 minutes. 257 nm), using a con- 
ventional phase grating. FIG. 1 shows exemplary results 
for 10 mm grating length. Curve 11 of FIG. 1 pertains to 
the grating in the sensitizer-loaded conventionally pro- 
duced 5D fiber, and curve 12 to the grating in the sen- 
sitizer-loaded high GODC fiber. As can readily be seen, 
the difference between the two curves is dramatic. For 
instance, 120 seconds of exposure yielded a 10% re- 
flectivity grating in the former, and an 80% reflectivity 
grating in the latter. The latter fiber clearly has substan- 
tially higher (significantly more than double) photosen- 
sitivity than the former. Values of peak grating reflectivity 
can be readily converted to corresponding values of in- 
dex modulation, and thus of photosensitivity. See, for 
instance, H. Patrick et al.. Optics Letters . Vol. 18(18), p. 
1884(1993). 

It will be understood that substantially any coating 
material (typically polymer material) that has sufficiently 
low absorption at some appropriate UV wavelength can 
potentially be used in the practice of the invention, and 
practitioners will generally derive a benefit from the use 
of high GODC, sensitizer-loaded fiber of high photosen- 
sitivity. 

In order to evaluate the suitability of high GODC fib- 
er for writing through the coating, high GODC 5D-type 
fiber was drawn from the preform and coated with a sub- 
stantially UV-transparent, 25u.m thick polymer coating. 

This was followed by sensitizer-loading (about 1.5 
atomic %). A Bragg grating was written through the pol- 
ymer coating, using a phase mask, a 15 cm cylindrical 
lens and 40 mW of 257 nm CW laser light from a fre- 
quency-doubled Ar ion laser. 

FIG. 2 shows the transmission spectrum of a 3 dB 
Bragg grating written through the 25u/n coating. The 
lens position was adjusted such that the laser light was 
focused ~ 1 mm beyond the fiber core. The exposure 
time was limited to about 60 seconds due to darkening 
of the coating material. 

The spectrum of FIG. 2 has side lobes. These are 
believed to be due to coating imperfections. This belief 
is supported by the spectrum of FIG. 3, which was ob- 
tained from a grating that was written under identical 
conditions in otherwise identical uncoated fiber. As can 
be seen, the spectrum of FIG. 3 is essentially free of 
side lobes. 

Gratings according to the invention can be used in 
a variety of applications in optical fiber communication 
systems, e.g., as 980 nm pump stabilizer. However, use 
is not limited to communication systems. For instance, 
the gratings can be used in fiber sensors, e.g., strain 
sensors or temperature sensors. 

Th novel method of making gratings facilitates 
making th gratings by a quasi-continuous process, and 
such an embodiment of th m thod is contemplated. 
See FIG. 4, which shows a I ngth of coated, sensitizer- 



loaded high GODC fiber (55) being transferred from one 
fiber spool 56 to take-up spool 57 past phase grating 54. 
At predetermined intervals (e.g., 2 m spacing) the trans- 
fer is stopped for an appropriate length of time, .g., 60 
seconds, and a grating is written into the fiber core by 
exposing the coated fiber to actinic radiation 52 from la- 
ser 51, appropriately conditioned by means of beam 
conditioner 53, and transmitted through phase grating 
54. Subsequently the length of fiber is divided into indi- 
vidual gratings with pigtails and is connectorized. It will 
be evident that such quasi -continuous processing can 
result in significant cost savings beyond those that ac- 
crue due to avoidance of coating removal and re-appli- 
cation. 

FIG. 5 schematically depicts an exemplary article 
according to the invention, namely an optical fiber com- 
munication system 60. The article comprises conven- 
tional transmitter 61, conventional receiver 62, and an 
optical fiber transmission path that connects transmitter 
and receiver. The transmission path comprises optical 
fiber amplifier 63, as well as conventional transmission 
fiber 64. The V in the transmission path symbolize con- 
ventional splices. The amplifier comprises pump laser 
66. The laser exemplarily is selected to emit pump radi- 
ation of about 980 nm wavelength. The pump radiation 
is coupled into fiber 55 and coupled into the amplifier 
fiber by means of conventional wavelength selective 
coupler (frequently referred to as "WDM") 68. The fiber 
path from the pump laser to the WDM comprises grating 
67 according to the invention, the grating serving to sta- 
bilize the output of laser 66. 

FIG. 6 schematically depicts a further exemplary ar- 
ticle according to the invention, namely a temperature 
or strain sensing system 70. The article comprises a 
conventional radiation source 71, a conventional radia- 
tion detector 72, conventional optical fiber 73 that con- 
nects, together with sensor fiber 75, the radiation source 
to the detector. Member 74 is the object to be monitored, 
and 76 refers to the grating according to the invention. 
Exemplarily, change in the temperature or stress state 
of member 74 causes a change in the spacing of the 
grating, and consequently in the transmission through 
the grating at a predetermined wavelength. 

Claims 

1. Method of making an article comprising an optical 
fiber refractive index grating, the method compris- 
ing 

a) providing a sensitizer-loaded silica-based 
optical fiber (55) having a Ge-doped core; and 

b) exposing the optical fiber to actinic radiation 
(52) such that the refractive index grating is 
formed in the core; 

CHARACTERIZED IN THAT 
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c) the optical fiber is exposed to the actinic ra- 
diation through a fiber coating; and 

d) the optical fiber is selected to have a germa- 
nium-oxygen deficiency center content select- 
ed to provid the fiber with a photosensitivity 
that is at least twice as targ as the photosen- 
sitivity of an otherwise identical, conventionally 
prepared, optical fiber, where 'photosensitivity" 
is An/dose of actinic radiation, where An is the 
refractive index change that results from expo- 
sure of the fiber to a predetermined dose of the 
actinic radiation. 



mission path, the length of optical fiber containing 
said optical fib rr fractiv index grating, the grating 
selected to stabilize the pump laser output. 

11. Articl according to ciaim 9, wherein the article is 
an optical fiber sensor adapted for s nsing a 
chang in th temperature of th grating, or adapted 
for sensing a strain in the grating. 
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Method according to claim 1 , wherein the optical fib- 
er has attenuation at 240 nm that is at least 20 dB/ 
mm mol % Ge. 
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Method according to claim 2, wherein the optical fib- 
er has attenuation at 240 nm of 100 dB/mm mol % 
Ge or more. 
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4. Method according to claim 1 , wherein the fiber coat- 
ing is a photodegradable coating of either a polymer 
or glass resin. 

5. Method according to claim 1 , wherein the optica! fib- 
er is drawn from an optical fiber preform that was 
either collapsed in an atmosphere that favors re- 
duction of Ge 4 * to Ge 2 *, or was in the form of a rod 
that was heated in an atmosphere that favors re- 
duction of Ge 4 * to Ge 2 *. 
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6. Method according to claim 5, wherein said atmos- 
phere contains either less than 10% 0 2 by volume, 

or at most 4% 0 2 by volume, or substantially 0 2 35 

free. 

7. Method according to claim 1 , wherein the optical fib- 
er refractive index grating is a Bragg grating. 



8. Method according to claim 1 , wherein the optical fib- 
er refractive index grating is a long period grating. 
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Article comprising an optical fiber refractive index 
grating in a coated optical fiber, the fiber grating 
made according to the method of any one of claims 
1 to 6. 
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10. Article according to claim 9, wherein the article is 
an optical fiber communication (60) comprising a so 
transmitter (61 ), a receiver (62), and an optical fiber 
transmission path (64) signal-transmissryely con- 
necting the transmitter and receiver, wherein the 
transmission path comprises an erbium doped fiber 
amplifi r (63) comprising a pump las r (66) that ss 
emits pump radiation of about 980 nm wavelength, 
said pump radiation coupled into a length of coated 
optical fiber that is optically connected to said trans- 
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FIG. 3 
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